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(57) ABSTRACT

An image display device that improves the operability of its
operation unit when operated by a photographer/user in a
state that an image display unit of the device has been
adjusted to assume an angle where the photographer/user can
easily view a displayed image. The image display device is
coupled through its mounting unit to an image pickup appa-
ratus main unit and causes the image display unitto display an
image captured by the apparatus mainunit. The image display
device has an operation unit configured to be operated to
control the apparatus main unit and the image display unit.
The image display unit is coupled through a hinge mechanism
to the operation unit for rotation relative thereto and the
operation unit is coupled through a rotary mechanism to the
mounting unit for rotation relative thereto about a rotation
axis perpendicular to an operation face of the operation unit.

13 Claims, 18 Drawing Sheets
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IMAGE DISPLAY DEVICE WITH
OPERATION UNIT EXCELLENT IN
OPERABILITY AND IMAGE PICKUP
APPARATUS HAVING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image pickup apparatus
such as a digital still camera, digital video camera, or the like.
Inparticular, this invention relates to an image display device
with an operation unit that is excellent in operability, and
relates to an image pickup apparatus having the image display
device.

2. Description of the Related Art

An image pickup apparatus such as a digital still camera,
digital video camera, or the like has been in widespread use
that has an image display device (hereinafter, referred to as
the display device) for displaying captured images. The dis-
play device is often mounted with a relatively large-sized
display panel of e.g. 3.5 inches for improvement of the vis-
ibility of displayed images.

The display device with large-sized display panel that
occupies a large area when mounted on a camera main unit is
disposed on e.g. a lateral side of the camera main unit. To
improve the usability, some display device is configured to be
coupled to the camera main unit for rotation in opening/
closing directions relative to the camera main unit. It is also
possible to configure the display device to be rotatable rela-
tive to the camera main unit about an axis perpendicular to the
opening/closing directions of the display device, whereby an
installation angle of the display device can be changed to an
angle where a photographer/user can easily view a displayed
image.

For example, a digital camera shown in FIGS. 27 to 32 has
been proposed in Japanese Patent Publication No. 3669244.

Referring to FIGS. 27 and 28, the proposed digital camera
has a monitor block 2 (display device) mounted to a camera
main unit 8 by means of a mounting member 3a that has a
rotary part thereof configured to be rotatable about first and
second rotation axes X, Y relative to a stationary part thereof
fixed to the monitor block 2. Thus, the monitor block 2 can be
rotated by nearly 180 degrees relative to the camera main unit
8 about the first rotation axis X from a state of FIG. 27 to a
state of FIG. 29 and can be rotated by nearly 270 degrees
about the second rotation axis Y from the state of FIG. 29 to
a state of FIG. 30.

By rotating the monitor block 2 from the state of FIG. 29 by
nearly 180 degrees relative to the camera main unit 8 about
the second rotation axis Y, it becomes possible as shown in
FIG. 31 to cause a display unit of the monitor block 2 to face
an object to be photographed. By rotating the monitor block 2
from the state of FIG. 31 by nearly 180 degrees relative to the
camera main unit 8 about the first rotation axis X, a photog-
rapher/user becomes capable of easily viewing an image dis-
played on the display unit of the monitor block 2 in a state
where the monitor block 2 is housed in the camera main unit
8 as shown in FIG. 32.

With the video camera disclosed in Japanese Patent Publi-
cation No. 3669244, the monitor block 2 is capable of assum-
ing various angles relative to the camera main unit 8, whereby
the visibility of an image displayed on the display unit can be
improved. However, an operation unit is formed integrally
with the camera main unit 8 and cannot assume an arbitrary
angle relative to the camera main unit 8. As a result, the
operability of the operation unit is sometimes lowered when
the photographer/user operates the operation unit while view-
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2

ing an image displayed on the display unit of the monitor
block 2 that has been adjusted to assume an angle where the
photographer/user can easily view a displayed image.

SUMMARY OF THE INVENTION

The present invention provides an image display device
that improves the operability of its operation unit when oper-
ated by a photographer/user in a state that an image display
unit of the device has been adjusted to assume an angle where
the photographer/user can easily view a displayed image, and
provides an image pickup apparatus having the image display
device.

According to one aspect of this invention, there is provided
an image display device, which comprises a mounting unit
configured to be detachably coupled to an image pickup appa-
ratus main unit, an image display unit configured to display an
image captured by the image pickup apparatus main unit, an
operation unit configured to be operated to control the image
pickup apparatus main unit and the image display unit, a
hinge mechanism configured to couple the image display unit
to the operation unit such that the image display unit can be
rotated relative to the operation unit, and a rotary mechanism
configured to couple the operation unit to the mounting unit
such that the operation unit can be rotated relative to the
mounting unit about a rotation axis perpendicular to an opera-
tion face of the operation unit.

With this invention, it is possible to improve the operability
of the operation unit of the image display device when oper-
ated by the photographer/user in a state that the image display
unit has been adjusted to assume an angle where the photog-
rapher/user can easily view an image displayed on the image
display unit.

Further features of the present invention will become
apparent from the following description of an exemplary
embodiment with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a rear perspective view showing a main unit of a
digital video camera that is an example of an image pickup
apparatus according to one embodiment of this invention;

FIG. 2 is a front perspective view of the camera main unit;

FIG. 3A is an upper perspective view of a handle that can be
mounted to the camera main unit;

FIG. 3B is a lower perspective view of the handle;

FIG. 4 is a perspective view of a display device provided
with a mounting unit having first and second mount mecha-
nisms, which can be mounted to the camera main unit and to
the handle, respectively;

FIG. 5 is a fragmentary enlarged side view showing the
second mount mechanism of the mounting unit of the display
device;

FIG. 6A is a fragmentary enlarged section view showing a
state where a detachment prevention pin of the second mount
mechanism projects into a central hole of an accessory shoe of
the handle;

FIG. 6B is a fragmentary enlarged section view showing a
state where the detachment prevention pin of the second
mount mechanism does not project into the central hole of the
accessory shoe of the handle;

FIG. 7 is a perspective view showing a state where the
display device is fixed to the camera main unit through the
handle;

FIG. 8 is a perspective view showing a state where the
display device is fixed to the camera main unit without the
intervention of the handle;
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FIG. 9A is a perspective view of a hinge mechanism, which
couples an image display unit of the display device to an
operation unit of the display device, at the time when the
image display unit is closed relative to the operation unit;

FIG. 9B is a perspective view of the hinge mechanism as
seen from a direction of arrow A shown in FIG. 9A;

FIG. 10 is a front view showing a rotation-preventing por-
tion of a first calking part of the hinge mechanism;

FIG. 11A is a perspective view showing a state of the hinge
mechanism obtained by rotating the image display unit by
180 degrees about a first rotation axis relative to the operation
unit from the state of FIGS. 9A and 9B where the image
display unit is closed relative to the operation unit;

FIG. 11B is a perspective view showing a state of the hinge
mechanism obtained by rotating the image display unit by
270 degrees about the first rotation axis relative to the opera-
tion unit from the state of FIGS. 9A and 9B;

FIG. 12 is a front view showing, as seen from the direction
of a second rotation axis, a rotation-preventing portion of a
third calking part of the hinge mechanism that is in the state of
the FIG. 11B;

FIG. 13 is a perspective view of the hinge mechanism at the
time when the image display unit is rotated by 180 degrees
about the second rotation axis relative to the operation unit
from the state of FIG. 11B;

FIG. 14A is a view showing, as seen from the direction of
a third rotation axis, a rotary mechanism that couples the
operationunit of the display device to the mounting unit of the
display device;

FIG. 14B is a side view of the rotary mechanism;

FIG. 15 is a fragmentary section view of the display device
taken along the third rotation axis;

FIG. 16A is a view showing, as seen from the direction of
a third rotation axis, a state of the rotary mechanism obtained
by rotating the operation unit by 135 degrees clockwise about
the third rotation axis from the state of FIG. 14A where the
operation unit can be rotated;

FIG. 16B is a view showing, as seen from the direction of
the third rotation axis, a state of the rotary mechanism
obtained by rotating the operation unit by 135 degrees anti-
clockwise about the third rotation axis from the state of FIG.
14A,

FIG. 17 is a view showing a state of the display device
where the image display unit is closed relative to the opera-
tion unit;

FIG. 18 is a view showing a state of the display device
obtained by rotating the image display unit in the opening
direction by 90 degrees about the first rotation axis relative to
the operation unit from the closed state of FIG. 17;

FIG. 19 is a view showing a state of the display device
obtained by rotating the image display unit in the opening
direction by 180 degrees about the first rotation axis relative
to the operation unit from the closed state of FIG. 17;

FIG. 20 is a view showing a state of the display device
obtained by rotating the image display unit by 270 degrees in
the opening direction relative to the operation unit about the
first rotation axis from the closed state of FIG. 17,

FIG. 21 is a view showing a state of the display device
obtained by rotating the image display unit by 180 degrees
relative to the operation unit about the second rotation axis
from the state of FIG. 20 where the image display unit is
opened by 270 degrees about the first rotation axis;

FIG. 22 is a view showing a state of the display device
obtained by rotating the image display unit by 90 degree
about the first rotation axis in a direction to cause its image
display screen to face upward after the image display unit is
rotated by 180 degrees about the second rotation axis from the
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state of FIG. 18 obtained by rotating the image display unit by
90 degrees about the first rotation axis;

FIG. 23 is a view showing, as seen from above, a state of the
display device obtained by rotating the operation unit by 135
degrees clockwise relative to the mounting unit of the display
device about the third rotation axis from the state of FIG. 7 or
8 where the display device is fixed to the camera main unit;

FIG. 24 is a view showing, as seen from above, a state of the
display device obtained by rotating the operation unit by 135
degrees anticlockwise relative to the mounting unit about the
third rotation axis from the state of FIG. 7 or 8;

FIG. 25 is a view showing a state where the image display
unit has been rotated by 90 degrees about the second rotation
axis from the state of FIG. 18 obtained by opening the image
display unit by 90 degrees about the first rotation axis and the
operation unit has been rotated by 90 degrees relative to the
mounting unit about the third rotation axis;

FIG. 26 is a perspective view showing a state where a cover
member of the operation unit is opened in the state of FIG. 22
where the image display screen of the image display unit is
directed upward;

FIG. 27 is a perspective view showing an example of a
conventional digital camera;

FIG. 28 is a perspective view of a mounting member
through which a monitor block, which is a display device, is
mounted to a camera main unit;

FIG. 29 is a perspective view showing a state obtained by
rotating the monitor block by 180 degrees about a first rota-
tion axis from the state of FIG. 27,

FIG. 30 is a perspective view showing a state obtained by
rotating the monitor block by 270 degrees about a second
rotation axis from the state of FIG. 29;

FIG. 31 is a perspective view showing a state obtained by
rotating the monitor block by 180 degrees about the second
rotation axis from the state of FIG. 29; and

FIG. 32 is a perspective view showing a state obtained by
rotating the monitor block by 180 degrees about the first
rotation axis from the state of FIG. 31.

DESCRIPTION OF THE EMBODIMENTS

The present invention will now be described in detail below
with reference to the drawings showing a preferred embodi-
ment thereof.

FIGS. 1 and 2 respectively show in rear perspective view
and in front perspective view a main unit of a digital video
camera, which is an example of an image pickup apparatus
according to one embodiment of this invention.

As shown in FIGS. 1 and 2, the digital video camera of this
embodiment includes a camera main unit 10 (image pickup
apparatus main unit) having a rear surface on which there are
provided a movable view finder 13, information display part
16, input/output terminals 17, recording medium attachment
part 18, REC/PAUSE button 21, menu button 22, menu opera-
tion lever 23, and battery lid 24.

The camera main unit 10 has a right side surface provided
with vent holes 25, 26 and detachably mounted with a grip
unit 12, and has a left side surface provided with a vent hole
27 and a power switch 28.

On an upper surface of the camera main unit 10, there is
provided an accessory shoe 14 that can be mounted with a
handle 30 shown in FIGS. 3A and 3B or can be mounted with
animage display device (hereinafter, referred to as the display
device) 40 shown in FIG. 4. The accessory shoe 14 is formed
with a threaded hole 15 for engagement with a screw (not
shown) by which the handle 30 mounted to the accessory shoe
14 is fixed to the camera main unit 10. On a front surface of the
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camera main unit 10, there is provided a mounting part 19 that
can be mounted with a lens unit 70 (see FIG. 7).

FIGS. 3A and 3B show the handle 30 in upper perspective
view and in lower perspective view, respectively.

As shown in FIGS. 3A and 3B, the handle 30 has a grasped
part 31 configured to be grasped by a photographer/user. On
an upper face of the handle 30, there is provided an accessory
shoe 34 configured to be mounted with a video light or the
like, and there is formed a threaded hole 35 for use when the
video light or the like mounted to the accessory shoe 34 is
screw-fastened to the handle 30. On a front face of the handle
30, an accessory shoe 36 is provided that can be mounted with
the display device 40. On a bottom face of the handle 30, a
mounting part 32 is provided that is configured to be mounted
to the accessory shoe 14 of the camera main unit 10. The
handle 30 has a rotary operation part 33 that is disposed in
alignment with the mounting part 32. When the rotary opera-
tion part 33 is rotatively operated in a state that the mounting
part 32 is placed on the accessory shoe 14 of the camera main
unit 10, threads 33a of the rotary operation part 33 are
engaged in the threaded hole 15 of the camera main unit 10,
whereby the handle 30 is fixed to the camera main unit 10.

FIG. 4 shows the display device 40 in perspective view. As
shown in FIG. 4, the display device 40 includes an image
display unit 41, an operation unit 42 for operating the camera
main unit 10 and the display device 40, and a mounting unit
43 configured to be mounted to the accessory shoe 14 of the
camera main unit 10 or to the accessory shoe 36 of the handle
30. The display device 40 further includes signal cables 46
and a container unit 47.

The image display unit 41 is mounted to the operation unit
42 through a double-axis hinge mechanism (denoted by ref-
erence numeral 50 in e.g. FIG. 9A and described in detail
later) so as to be rotatable relative to the operationunit 42. The
operation unit 42 is mounted to the mounting unit 43 through
a rotary mechanism (denoted by reference numeral 60 in e.g.
FIGS. 14A and 14B and described in detail later) so as to be
rotatable relative to the mounting unit 43 about a third rota-
tion axis, which is denoted by reference numeral 103 in e.g.
FIGS. 14A, 14B, and 25.

The image display unit 41 has an image display panel 41a
that displays an image photographed through the camera
main unit 10 and displays information representing a setting
state or an operation state of the camera main unit 10. The
display unit 41 further includes a protection member 415 that
protects the image display panel 41a. An exterior of the image
display unit 41 is covered by a cover member 41¢ made of a
soft resin material or the like.

The operation unit 42 has a group of operation buttons 42a
that are operable to cause the camera main unit 10 to execute
apredetermined operation, a signal level adjustment unit 425
(see FIG. 26) that adjusts, e.g., the level of a voice signal
supplied from an external microphone (not shown) connected
to the display device 40, a cover member 42¢ that covers the
signal level adjustment unit 426, and a display direction
change button 42d operable to change the display direction of
an image displayed on the image display unit 41. Reference
numeral 42' denotes an operation face on which the operation
button group 424 is disposed. As shown in FIGS. 24 and 25,
the operation face 42' of the operation unit 42 extends per-
pendicular to the third rotation axis 103 of the operation unit
42.

The mounting unit 43 has an external microphone holder
43a that holds the external microphone, a connector 435 to
which a connector of the external microphone can be con-
nected, a first mount mechanism 44 configured to be mounted
to the accessory shoe 14 of the camera main unit 10, and a
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second mount mechanism 45 configured to be mounted to the
accessory shoe 36 of the handle 30.

The display device 40 receives, from the camera main unit
10 via the signal cables 46, an image signal obtained by the
camera main unit 10. The display device 40 transmits, to the
camera main unit 10 via the signal cables 46, a control signal
corresponding to an operation on the operation button group
42a and a voice signal obtained by the external microphone.
It should be noted that the control signal and the voice signal
are each transmitted from the display device 40 to the camera
main unit 10 after being subjected to level adjustment by the
signal level adjustment unit 424 of the operation unit 42.

FIG. 5 shows in fragmentary enlarged side view the second
mount mechanism 45, which is provided in the mounting unit
43 of the display device 40 and through which the image
display unit 41 is rotatably mounted to the operation unit 42.
As shown in FIG. 5, the second mount mechanism 45 has a
fitment part 45a configured to be fitted into the accessory shoe
36 of the handle 30, a restriction member 455, a guide mem-
ber 45¢, and a detachment prevention pin 454.

FIGS. 6A and 6B respectively show in fragmentary
enlarged section view a state where the detachment preven-
tion pin 454 of the second mount mechanism 45 projects into
a central hole 36a formed in the accessory shoe 36 of the
handle 30 and a state where the detachment prevention pin
454 does not project into the central hole 36a.

In FIGS. 6A and 6B, reference numerals 45¢, 45f respec-
tively denote an abutment member and an elastic member of
the second mount mechanism 45. The abutment member 45¢
is made of resin or the like and disposed in contact with the
restriction member 455. The elastic member 45fis constituted
by a coil spring or the like.

The fitment part 45a of the second mount mechanism 45 is
fitted into the accessory shoe 36 of the handle 30, whereby the
display device 40 is mounted to the handle 30.

The restriction member 455 is formed into a ring shape and
has an inner peripheral surface thereof formed with a threaded
hole for engagement with threads formed on an outer periph-
eral surface of the guide member 45¢. When rotated, the
restriction member 455 moves along the guide member 45¢
between a position where the restriction member 455 pre-
vents the display device 40 from moving relative to the handle
30 and a position where it allows the display device 40 to be
detached from the handle 30.

The detachment prevention pin 454 is formed integrally
with the abutment member 45¢ and urged by an urging force
of' the elastic member 45ftoward the central hole 364 formed
in the accessory shoe 36 of the handle 30. An amount of
projection of a tip end portion of the detachment prevention
pin 454 into the central hole 36a changes according to the
moving position of the restriction member 456 along the
guide member 45¢.

In a state shown in FIG. 6A, the restriction member 455 is
in abutment with the accessory shoe 36 of the handle 30.
Accordingly, by the urging force of the elastic member 457,
the tip end portion of the detachment prevention pin 454
passes through a pin insertion hole formed in the fitment part
45a and projects into the central hole 36a of the accessory
shoe 36 of the handle 30. As a result, when an attempt is made
to detach the display device 40 from the handle 30, the tip end
portion of the detachment prevention pin 454 is brought in
contact with the inner peripheral surface of the accessory shoe
36 to prevent the display device 40 from moving relative to
the handle 30, whereby the display device 40 is prevented
from being detached from the handle 30.

On the other hand, in a state shown in FIG. 6B, the restric-
tion member 455 stays away from the accessory shoe 36 of
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the handle 30, and the tip end portion of the detachment
prevention pin 454 is inside the pin insertion hole of the
fitment part 45q of the second mount mechanism 45. In other
words, the tip end portion of the detachment prevention pin
454 does not project into the central hole 364 of the accessory
shoe 36 of the handle 30, whereby the display device 40 is
allowed to be detached from the handle 30.

It should be noted that the first mount mechanism 44 via
which the display device 40 is coupled to the accessory shoe
14 of the camera main unit 10 is the same in construction as
the second mount mechanism 45, and therefore a description
thereof will be omitted herein.

FIG. 7 shows in perspective view a state where the handle
30 fixed with the display device 40 is fixed to the camera main
unit 10, and FIG. 8 shows in perspective view a state where
the display device 40 is fixed to the camera main unit 10
without the intervention of the handle 30. In FIGS. 7 and 8,
reference numeral 70 denotes a lens unit mounted to the
camera main unit 10.

Next, with reference to FIGS. 9 to 13, a description will be
given of the double-axis hinge mechanism 50 through which
the image display unit 41 is coupled to the operation unit 42
for rotation relative to the operation unit 42.

FIG. 9A shows in perspective view the double-axis hinge
mechanism 50 at the time when the image display unit 41 is
closed relative to the operation unit 42, and FIG. 9B shows in
perspective view the hinge mechanism 50 as seen from a
direction of arrow A shown in FIG. 9A.

As shown in FIGS. 9A and 9B, the double-axis hinge
mechanism 50 has a first fixture part 51, second fixture part
52, rotary part 53, first calking part 54, second calking part 55,
fastening part 56, and third calking part 57.

The first fixture part 51 is fixed to the operation unit 42 by
means of screws that are threadedly engaged in threaded
holes formed in the fixture part 51. After being positioned
relative to the operation unit 42 by means of positioning
bosses (not shown) formed in the operation unit 42 and fitted
into positioning holes 52a, 525 of the second fixture part 52,
the second fixture part 52 is fixed to the operation unit 42 by
means of screws that are threadedly engaged in threaded
holes formed in the fixture part 52.

The rotary part 53 is coupled to the second fixture part 52
by the first calking part 54 for rotation relative thereto, and
also coupled to the first and second fixture parts 51, 52 by the
second calking part 55 for rotation relative thereto. Thus, the
rotary part 53 can be rotated relative to the first and second
fixture parts 51, 52. The rotary part 53 has first and second
stopper members 53a, 535, which will be described in detail
later.

FIG. 10 shows in front view a rotation-preventing portion
of'the first calking part 54 as seen from the direction of a first
rotation axis 101. FIGS. 11A and 11B show, in perspective
view, states of the double-axis hinge mechanism 50 (see
FIGS. 19 and 20) respectively obtained by rotating the image
display unit 41 by 180 degrees and by 270 degrees about the
first rotation axis 101 relative to the operation unit 42 from the
state of FIGS. 9A, 9B and 17 where the image display unit 41
is closed relative to the operation unit 42.

In the double-axis hinge mechanism 50, the first calking
part 54 is disposed between the second fixture part 52 and the
rotary part 53 and couples these parts 52, 53 to each other, as
previously described. As shown in FIG. 10, the rotation-
preventing portion 54a of the first calking part 54 (hereinafter,
referred to as the first rotation-preventing portion 54a) has a
circular section 545 and planar sections 54¢, 54d. These sec-
tions 544 to 54d are disposed for contact with the first stopper
member 53a of the rotary part 53. The first calking part 54 is
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capable of rotating about the first rotation axis 101 while the
circular section 54b of the first rotation-preventing portion
54a is in abutment with the stopper member 534, but becomes
incapable of rotating when the planar section 54¢ or 54d is
brought in face-contact with the first stopper member 53a. In
other words, the first rotation-preventing portion 54a coop-
erates with the first stopper member 53a to prevent the image
display unit 41 (which is rotatably coupled to the operation
unit 42 through the hinge mechanism 50) from excessively
rotating about the first rotation axis 101.

Referring to FIGS. 9A and 9B again, the second calking
part 55 has a disc spring 55a for generating a holding torque
to hold the orientation of the image display unit 41, and is
capable ofholding the orientation of the image display unit 41
at an arbitrary angle within a rotatable angle range of the
image display unit 41 about the first rotation axis 101.

The fastening part 56 has positioning holes 564, 565 and
threaded holes, and is positioned relative to the image display
unit41 and coupled thereto by means of screws. The fastening
part 56 is also coupled to the rotary part 53 through the third
calking part 57 and rotatable about a second rotation axis 102.
Accordingly, the image display unit 41 can be rotated relative
to the operation unit 42 about the second rotation axis 102.

The third calking part 57 has a disc spring 574 and a
rotation-preventing portion 575 (hereinafter, referred to as the
second rotation-preventing portion 575). The disc spring 57a
generates a holding torque that holds the orientation of the
image display unit 41, whereby the orientation of the image
display unit 41 (which is rotatable about the second rotation
axis 102) can be held at an arbitrary angle.

In the state of FIGS. 9A and 9B where the image display
unit 41 is closed relative to the operation unit 42, the first
stopper member 53a of the rotary part 53 and the planar
section 54c¢ of the rotation-preventing portion 54a of the first
calking part 54 (first rotation-preventing portion 54q) are in
contact with each other in the hinge mechanism 50, whereby
the image display unit 41 is prevented from rotating relative to
the operation unit 42.

As shown in FIG. 11A, when the image display unit 41 is
rotated by 180 degrees relative to the operation unit 42 from
the state of FIGS. 9A and 9B, the first rotation-preventing
portion 54a is brought in contact at the circular section 545
with the first stopper member 53a, thereby allowing the
image display unit 41 to further rotate relative to the operation
unit 42.

As shown in FIG. 11B, when the image display unit 41 is
rotated by 270 degrees relative to the operation unit 42 from
the state of FIGS. 9A and 9B, the planar section 544 of the first
rotation-preventing portion 54a is brought in contact with the
first stopper member 53a, whereby the image display unit 41
is prevented from rotating further relative to the operation unit
42 (see FIG. 10). In other words, the rotatable angle range of
the image display unit 41 about the first rotation axis 101 is
from O degree to 270 degree in this embodiment.

FIG. 12 shows in front view the second rotation-preventing
portion 575 of the third calking part 57 of the hinge mecha-
nism 50 (which is in the state of FIG. 11B) as seen from the
direction of the second rotation axis 102.

As previously described, the third calking part 57 is dis-
posed between the rotary part 53 and the fastening part 56 and
couples these parts 53, 56 to each other. The second rotation-
preventing portion 575 has a circular section 57¢ and planar
sections 57d, 57e. These sections 57¢ to 57¢ are disposed for
contact with the second stopper member 535 of the rotary part
53. The third calking part 57 is capable of rotating about the
second rotation axis 102 while the circular section 57¢ of the
second rotation-preventing portion 575 is in abutment with
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the second stopper member 535, but becomes incapable of
rotating when the planar section 574 or 57e is brought in
face-contact with the second stopper member 535. As shown
in FIG. 12, the third calking part 57 is capable of rotating
clockwise by 180 degrees about the second rotation axis 102.
The second rotation-preventing portion 575 cooperates with
the second stopper member 535 to prevent the image display
unit 41 from rotating about the second rotation axis 102.

FIG. 13 shows in perspective view the double-axis hinge
mechanism 50 observed when the image display unit 41 is
rotated by 180 degrees about the second rotation axis 102
relative to the operation unit 42 from the state of FIG. 11B,
which is obtained by rotating the display unit 41 by 270
degrees about the first rotation axis 101 from the closed state
of the display unit 41. In the state of FIG. 13, the planar
section 57d of the second rotation-preventing portion 575 is
in abutment with the second stopper member 535, whereby
the image display unit 41 is prevented from rotating further
relative to the operation unit 42.

Next, with reference to FIGS. 14 to 16, a description will be
given of the rotary mechanism 60 through which the opera-
tion unit 42 is coupled to the mounting unit 43 for rotation
relative thereto.

FIG. 14 A shows the rotary mechanism 60 as seen from the
direction of the third rotation axis 103, and FIG. 14B shows
the rotary mechanism 60 in side view. FIG. 15 shows the
display device 40 in fragmentary section view taken along the
third rotation axis 103.

As shown in FIGS. 14A and 14B, the rotary mechanism 60
has a first mounting member 61, second mounting member
62, disc spring 63, rotary shaft member 64, calking part 65,
and rotation-preventing part 66.

The first mounting member 61 has fastening parts 61a to
61d that are coupled to the mounting unit 43 of the display
device 40, and the second mounting member 62 has fastening
parts (not shown) that are coupled to the operation unit 42,
whereby the display device 40 is coupled to the operation unit
42.

The disc spring 63 is disposed between the first and second
mounting members 61, 62 and generates a holding torque to
hold the operation unit 42 at an arbitrary angle within a
rotatable angle range of the operation unit 42, which can be
rotated relative to the mounting unit 43 about the third rota-
tion axis 103 perpendicular to the operation face 42' of the
operation unit 42 of the display device 40 (see FIGS. 24 and
25). The rotary shaft member 64 has a protrusion 64a. When
the rotary mechanism 60 is in a state shown in FIG. 14A, the
protrusion 64a is spaced away from the rotation-preventing
part 66, so that the operation unit 42 can be rotated about the
third rotation axis 103.

FIGS. 16 A and 16B show, as seen from the direction of the
third rotation axis 103, states of the rotary mechanism 60
respectively obtained by rotating the operation unit 42 by 135
degrees clockwise and by 135 degrees anticlockwise about
the third rotation axis 103 from the state of FIG. 14A.

As shown in FIGS. 16 A and 16B, the protrusion 64a of the
rotary shaft member 64 is brought in contact with the rotation-
preventing part 66 when the operation unit 42 is rotated by
135 degrees clockwise or anticlockwise relative to the mount-
ing unit 43 from the state of FIG. 14A, whereby the operation
unit 42 is prevented from rotating further.

Next, with reference to FIGS. 17 to 20, a description will be
given of an example operation where the image display unit
41 is rotated relative to the operation unit 42 about the first
rotation axis 101.

FIG. 17 shows the display device 40 in a state where the
image display unit 41 is closed relative to the operation unit
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42. As shown in FIG. 17, a container unit 47 is formed to
project upwardly from the operation unit 42. In the state of
FIG. 17 where the image display unit 41 is closed, the double-
axis hinge mechanism 50 is housed in the container unit 47.

An amount of upward projection (height) hl of the con-
tainer unit 47 from the operation unit 42 is made nearly equal
to a thickness h0 of the image display unit 41 such that the
container unit 47 does not excessively project from the opera-
tion unit 42 in the height direction when the image display
unit 41 is closed relative to the operation unit 42.

An amount of forward projection h2 of the container unit
47 from the operation unit 42 (see FIG. 20) is made nearly
equal to the thickness h0 of the image display unit 41 such that
the image display unit 41 is not brought in contact with the
operation unit 42 when rotated by 270 degrees in the opening
direction from the closed state of FIG. 17.

FIGS. 18 to 20 show states of the display device 40 respec-
tively obtained by rotating the image display unit 41 relative
to the operation unit 42 about the first rotation axis 101 in the
opening direction by 90 degrees, by 180 degrees, and by 270
degrees from the closed state of FI1G. 17.

By the holding force generated by the disc spring 55a of the
hinge mechanism 50, the image display unit 41 can be held at
an arbitrary angle within the range from the closed state of
FIG. 17 to the state of FIG. 20 where the image display unit 41
is opened by 270 degrees.

Next, with reference to FIGS. 21 and 22, a description will
be given of an example operation where the image display
unit 41 is rotated relative to the operation unit 42 about the
second rotation axis 102.

FIG. 21 shows a state of the display device 40 obtained by
rotating the image display unit 41 by 180 degrees relative to
the operation unit 42 about the second rotation axis 102 from
the state of FIG. 20 where the image display unit 41 is opened
by 270 degrees about the first rotation axis 101.

In the state shown in FIG. 21, the second rotation axis 102
is on aside opposite from the external microphone holder 43a
with respect to a widthwise center line p1 of the operation unit
42. In other words, the image display unit 41 is on the side
opposite from the microphone holder 434 with respect to the
widthwise center line p1.

As shown in FIG. 21, a distance h3 from the first rotation
axis 101 to an end of the image display panel 41a of the image
display unit 41 on the side close to the double-axis hinge
mechanism 50 is made larger than a distance h4 from the first
rotation axis 101 to a bottom face of the operation unit 42, so
that an image displayed on the image display panel 41a is not
intercepted by the operation unit 42.

It should be noted that an image displayed on the image
display panel 41aq is a vertically inverted image of a photo-
graphed image. The inverted image is converted into an erect
image in response to the display direction change button 424
of the operation unit 42 being operated.

FIG. 22 shows a state of the display device 40 obtained by
rotating the image display unit 41 by 90 degrees about the first
rotation axis 101 in a direction to cause the image display
screen of the image display panel 414 to face upward after the
image display unit 41 is rotated by 180 degrees about the
second rotation axis 102 from the state of FIG. 18 obtained by
rotating the image display unit 41 by 90 degrees about the first
rotation axis 101. As shown in FIG. 22, the image display unit
41 can be disposed upward of the operation unit 42 such that
the image display screen of the display unit 41 can be viewed
by the photographer/user from above.

In the state shown in FIG. 22, the second rotation axis 102
is on the left side of the widthwise center line pl of the
operation unit 42, and the image display unit 41 is disposed in
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a region avoiding the signal level adjustment unit 4256 (which
is covered by the cover member 42¢ in FIG. 22). Accordingly,
the photographer/user can operate the signal level adjustment
unit 425, while confirming an image displayed on the image
display panel 41a.

By rotating the image display unit 41 about the first and
second rotation axes 101, 102 as described above, the image
display unit 41 can be adjusted to an arbitrary angle such that
the image display screen of the unit 41 can assume an arbi-
trary orientation such as one where the display screen faces
the photographer/user or faces the object.

Next, with reference to FIGS. 23 and 24, a description will
be given of an example operation where the operation unit 42
is rotated relative to the mounting unit 43 about the third
rotation axis 103.

FIGS. 23 and 24 show, as seen from above, states of the
display device 40 respectively obtained by rotating the opera-
tion unit 42 by 135 degrees clockwise and by 135 degrees
anticlockwise relative to the mounting unit 43 of the display
device 40 about the third rotation axis 103 from the state of
FIG. 7 or 8 where the display device 40 is fixed to the camera
main unit 10.

As shown by way of example in FIGS. 23 and 24, the
photographer/user can operate the operation unit 42 while
facing the operation unit 42 that has been adjusted to assume
an arbitrary angle within a range from an angle of 135 degrees
clockwise to an angle of 135 degrees anticlockwise about the
third rotation axis 103. It should be noted that the rotation
angle limit of the operation unit 42 is not limited to 135
degrees, and can be any other angle where photographing is
not hindered.

FIG. 25 shows a state where the image display unit 41 has
been rotated by 90 degrees about the second rotation axis 102
from the state of FIG. 18 obtained by opening the image
display unit 41 by 90 degrees about the first rotation axis 101
and the operation unit 42 has been rotated by 90 degrees
relative to the mounting unit 43 about the third rotation axis
103.

As shown in FIG. 25, a distance h5 from the first rotation
axis 101 to an end of the image display unit 41 on the side
close to the double-axis hinge mechanism 50 is made larger
than a distance h6 from the first rotation axis 101 to an upper
end of the external microphone holder 43a. Thus, the image
display unit 41 is not brought in contact with the external
microphone holder 434, even if the image display unit 41 is
rotated about the second rotation axis 102 in the state of FIG.
25.

FIG. 26 shows in perspective view a state where the cover
member 42¢ of the operation unit 42 is opened in the state of
FIG. 22 where the image display screen of the image display
unit 41 is directed upward.

As shown in FIG. 26, the cover member 42¢ can be rotated
about a fourth rotation axis 104 in opening and closing direc-
tions. When the cover member 42¢ is open, the cover member
42c¢ is brought in contact with and supported by the container
unit 47, thereby preventing an excessive load from being
applied to a rotary shaft of the cover member 42¢, even if the
cover member 42¢ is applied with an external force that acts
to further open the cover member 42¢.

As described above, in this embodiment, the image display
unit 41 of the display device 40 is configured to be rotatable
relative to the operation unit 42, and the operation unit 42 is
configured to be rotatable relative to the camera main unit 10
or relative to the mounting unit 43 of the handle 30. It is
therefore possible to improve the operability of the operation
unit 42 when operated by the photographer/user facing the
operation unit 42 in a state where the image display unit 41
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has been adjusted to assume an angle where the photogra-
pher/user can easily view a displayed image.

While the present invention has been described with refer-
ence to an exemplary embodiment, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiment. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-238796, filed Oct. 31, 2011, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image display device comprising:

a mounting unit configured to be detachably mounted to an
image pickup apparatus main unit;

a signal cable configured to be connected to the image
pickup apparatus main unit;

an image display unit configured to display an image cap-
tured by the image pickup apparatus main unit;

an operation unit having an operation face on which an
operation member is disposed;

a hinge mechanism configured to couple the image display
unit to the operation unit such that the image display unit
can be rotated relative to the operation unit; and

arotary mechanism configured to couple the operation unit
to the mounting unit such that the operation unit can be
rotated relative to the mounting unit about a rotation axis
perpendicular to the operation face of the operation unit,

wherein in a case where the operation unit is rotated rela-
tive to the mounting unit, the image display unit and the
hinge mechanism are rotated together with the operation
unit.

2. The image display device according to claim 1,

wherein the mounting unit has a first mount portion and a
second mount portion,

wherein the first mount portion is detachably coupled to the
image pickup apparatus main unit, and

wherein the second mount portion is detachably coupled to
a handle which is mounted to the image pickup appara-
tus main unit.

3. The image display device according to claim 1,

wherein the hinge mechanism is a double-axis hinge
mechanism that couples the image display unit to the
operation unit such that the image display unit can be
rotated relative to the operation unit about a first rotation
axis and about a second rotation axis extending perpen-
dicular to the first rotation axis.

4. An image display device comprising:

a mounting unit configured to be detachably coupled to an
image pickup apparatus main unit;

an image display unit configured to display an image cap-
tured by the image pickup apparatus main unit;

an operation unit configured to be operated to control at
least one of the image pickup apparatus main unit and
the image display unit;

a hinge mechanism configured to couple the image display
unit to the operation unit such that the image display unit
can be rotated relative to the operation unit; and

arotary mechanism configured to couple the operation unit
to the mounting unit such that the operation unit can be
rotated relative to the mounting unit about a rotation axis
perpendicular to an operation face of the operation unit,

wherein the hinge mechanism is a double-axis hinge
mechanism that couples the image display unit to the
operation unit such that the image display unit can be
rotated relative to the operation unit about a first rotation
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axis and about a second rotation axis extending perpen-
dicular to the first rotation axis, and

wherein a distance from the first rotation axis to an end of
an image display screen of the image display unit on a
side close to the hinge mechanism is greater than a
distance from the first rotation axis to a bottom face of
the operation unit.

5. An image display device comprising:

a mounting unit configured to be detachably coupled to an
image pickup apparatus main unit;

an image display unit configured to display an image cap-
tured by the image pickup apparatus main unit;

an operation unit configured to be operated to control at
least one of the image pickup apparatus main unit and
the image display unit;

a hinge mechanism configured to couple the image display
unit to the operation unit such that the image display unit
can be rotated relative to the operation unit; and

arotary mechanism configured to couple the operation unit
to the mounting unit such that the operation unit can be
rotated relative to the mounting unit about a rotation axis
perpendicular to an operation face of the operation unit,

wherein the hinge mechanism is a double-axis hinge
mechanism that couples the image display unit to the
operation unit such that the image display unit can be
rotated relative to the operation unit about a first rotation
axis and about a second rotation axis extending perpen-
dicular to the first rotation axis, and

wherein a distance from the first rotation axis to an end of
the image display unit on a side close to the hinge
mechanism is greater than a distance from the first rota-
tion axis to an upper end of an external microphone
holder provided in the mounting unit.

6. The image display device according to claim 5, wherein
the second rotation axis is on a side opposite from the external
microphone holder with respect to a widthwise center line of
the operation unit.

7. The image display device according to claim 3, wherein
in a state where the image display unit is closed relative to the
operation unit about the first rotation axis with an image
display screen of the image display unit directed upward, the
image display unit is disposed at a location avoiding a signal
level adjustment unit provided in the operation unit.

8. An image pickup apparatus comprising:

an image pickup apparatus main unit; and

an image display device configured to be detachably
coupled to the image pickup apparatus main unit,

the image display device including:

a mounting unit configured to be detachably mounted to
the image pickup apparatus main unit;

a signal cable configured to be connected to the image
pickup apparatus main unit;

an image display unit configured to display an image cap-
tured by the image pickup apparatus main unit;

an operation unit having an operation face on which an
operation member is disposed;

a hinge mechanism configured to couple the image display
unit to the operation unit such that the image display unit
can be rotated relative to the operation unit; and

arotary mechanism configured to couple the operation unit
to the mounting unit such that the operation unit can be
rotated relative to the mounting unit about a rotation axis
perpendicular to an operation face of the operation unit,

wherein in a case where the operation unit is rotated rela-
tive to the mounting unit, the image display unit and the
hinge mechanism are rotated together with the operation
unit.
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9. The image display device according to claim 3, wherein
a distance from the first rotation axis to an end of an image
display screen of the image display unit on a side close to the
hinge mechanism is greater than a distance from the first
rotation axis to a bottom face of the operation unit.

10. The image display device according to claim 3, wherein

a distance from the first rotation axis to an end of the image
display unit on a side close to the hinge mechanism is greater
than a distance from the first rotation axis to an upper end of
an external microphone holder provided in the mounting unit.
11. The image display device according to claim 10,
wherein the second rotation axis is on a side opposite from the
external microphone holder with respect to a widthwise cen-
ter line of the operation unit.

12. An image display device comprising:

a mounting unit configured to be detachably mounted to an
image pickup apparatus main unit;

a signal cable configured to be connected to the image
pickup apparatus main unit;

an image display unit configured to display an image cap-
tured by the image pickup apparatus main unit;

an operation unit having an operation face on which an
operation member is disposed;

a hinge mechanism configured to couple the image display
unit to the operation unit such that the image display unit
can be rotated relative to the operation unit; and

arotary mechanism configured to couple the operation unit
to the mounting unit such that the operation unit can be
rotated relative to the mounting unit about a rotation axis
perpendicular to the operation face of the operation unit,

wherein in a case where the operation unit is rotated rela-
tive to the mounting unit, the image display unit and the
hinge mechanism are rotated together with the operation
unit, and

wherein the hinge mechanism is a double-axis hinge
mechanism that couples the image display unit to the
operation unit such that the image display unit can be
rotated relative to the operation unit about a first rotation
axis and about a second rotation axis extending perpen-
dicular to the first rotation axis.

13. An image pickup apparatus comprising:

an image pickup apparatus main unit; and

an image display device configured to be detachably
coupled to the image pickup apparatus main unit,

the image display device including:

a mounting unit configured to be detachably mounted to
the image pickup apparatus main unit;

a signal cable configured to be connected to the image
pickup apparatus main unit;

an image display unit configured to display an image cap-
tured by the image pickup apparatus main unit;

an operation unit having an operation face on which an
operation member is disposed;

a hinge mechanism configured to couple the image display
unit to the operation unit such that the image display unit
can be rotated relative to the operation unit; and

arotary mechanism configured to couple the operation unit
to the mounting unit such that the operation unit can be
rotated relative to the mounting unit about a rotation axis
perpendicular to an operation face of the operation unit,

wherein in a case where the operation unit is rotated rela-
tive to the mounting unit, the image display unit and the
hinge mechanism are rotated together with the operation
unit, and

wherein the hinge mechanism is a double-axis hinge
mechanism that couples the image display unit to the
operation unit such that the image display unit can be
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rotated relative to the operation unit about a first rotation
axis and about a second rotation axis extending perpen-
dicular to the first rotation axis.
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